(19) 



J 



Europ&isches Patentamt 
European Patent Office 
Office eurepeen des brevets 



(12) 



(43) Date of publication: 

12.06.2002 Bulletin 2002/24 

(21) Application number 01128854.5 

(22) Date of filing: 04.12.2001 



(ID EP1 213 757 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel 7: H01L 21/762 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Ft FR GB GR IE IT LI LU 


• Oh, Yong-Chul . 


MC NLPTSE TR 


Youngtong-dong, Paldal-gu, Suwon-city (KR) 


Designated Extension States: 


• Jin, Gyo- Young 


ALLTLVMKRO SI 


Anyang-clty, Kyungkl-do (KR) 


(30) Priority: 09.12.2000 KR 2000074915 


(74) Representative: Kuhnen & Wacker 




Patentanwaltsgesellschaft mbH, 


(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. 


Prlnz-Ludwlg-Strasse 40A 


Suwon-Clty, Kyungki-do (KR) 


85354 Freielng (DE) 



(54) Integrated circuits having and adjacent p-type doped regions having shallow trench isolation 
structures without liner layers therein therebetween and methods of forming same 



(57) An integrated circuit substrate includes first and 
second adjacent p-type doped regions spaced-apart 
from one another. A trench in the integrated circuit sub- 
strate is between the first and second adjacent p-type 



doped regions. An insulator layer in the trench has a side 
wall, wherein the side wall is free of a layer that reduces 
a stress between the integrated circuit substrate and the 
insulator layer. 
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Description 

CLAIM FOR PRIORITY 

[0001] This application claims priority to Korean Pat- 
ent Application No. 2000-74914, filed on December 9, 
2000, the entire disclosure of which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to integrated cir- 
cuits and methods of forming integrated circuits in. gen- 
eral and, more particularly, to shallow trench isolation 
structures in integrated circuits and methods of forming 
shallow trench isolation structures in integrated circuits. 

BACKGROUND OF THE INVENTION 

[0003] With the development of semiconductor man- 
ufacturing techniques, progress has been made in in- 
creasing the speed and integration of semiconductor 
devices. Local Oxidation Of Silicon (LOCOS) layers 
have been used as isolation layers in semiconductor de- 
vices.. However, LOCOS may promote a bird's beak ef- 
fect at the edges of the isolation layer thus reducing the 
size of the adjacent active regions and which may ad- 
versely affect current leakage. 
[0004] Referring to FIG. 1 , a semiconductor substrate 
10 includes as a cell region, a core region and a periph- 
eral region. A blocking pattern (not shown) is formed on 
the semiconductor substrate 10 to expose an isolation 
region. The blocking pattern may be a stack of an oxide 
layer and a silicon nitride layer The exposed semicon- 
ductor substrate 10 is etched to a depth using the block- 
ing pattern as a mask to form trenches t 1 and t 2 . The 
trench t 1 is formed in the cell region and the trench t 2 is 
used to define a PMOS transistor region in the core and 
peripheral regions. The trenches t n and t 2 can be formed 
by dry etching using plasma. 

[0005] The dry etching may cause silicon lattice de- 
fects and damage the inner surfaces of the trenches t 1 
and t 2 . Conventionally, to reduce such silicon lattice de- 
fects and damage, a side wall oxide layer 12 can be 
formed by thermally oxidizing the inner surfaces of the 
trenches t, and t 2 . Also, the formation of the side wall 
oxide layer 12 can remove sharp comers generated in 
the trenches r, and t 2 associated with the bird's beak 
effect discussed above. 

[0006] Subsequently, a silicon nitride liner 14 can be 
formed on the side wall oxide layer 1 2. The silicon nitride 
liner 14 may reduce stress due to a difference between 
the respective thermal expansion coefficients associat- 
ed with the semiconducto r substrate 1 0 and a silicon ox- 
ide layer in the trenches t 1 and t 2 . 
[0007] A dielectric material, such as a High Density 
Plasma (HDP) oxide, is deposited on the semiconductor 
substrate 10 to completely fill the trenches t 1 and t 2 . 



Next, a Chemical Mechanical Polishing (CMP) process 
is performed on the HDP oxide and the blocking pattern 
to expose a surface of the semiconductor substrate 10 
to form an STI layer 16 In the trenches t 1 and t 2 which 
5 completes the conventional STI structure. 

[0008] However, the semiconductor device having the 
conventional STI structure discussed above may cause 
the following problems. With reference to FIGS. 2A and 
2B, high energy or "hot" carriers in a MOS transistor can 

to penetrate through the side wall oxide layer 12 into the 
STI layer 16, N-type charged carriers, such as electrons 
30, that penetrate into the STI layer 16 may collect at 
an interface of the silicon nitride liner 14 and the side 
wall oxide layer 12 and in the silicon nitride liner 14 as 

15 shown in FIG. 2A. The electrons 30 may be trapped at 
the interface due the thickness of the side wall oxide 
layer 12. When a dense region of the electrons 30 col- 
lects at the interface, positive holes 32 can be induced 
at a boundary of the STI layer 16 opposite the electrons 

20 30 as shown in FIG. 2A. 

[0009] As shown in FIG. 2B, a conductive path 
through the semiconductor substrate 10 may not be 
formed between n-type junction regions 26a and 26b of 
an N-channei field effect transistor (N-FET) because the 

23 major carriers are electrons 30. However, the holes 32 
at the boundary of the STI layer 1 6 can provide a current 
path I that electrically connects a p-type junction region 
28a (associated with a gate electrode of a Metal Oxide 
Semiconductor (MOSFET) 24) and 28b associated with 

30 an adjacent MOSFET. Although the STI structure is lo- 
cated between the p-type junction regions 28a and 28b, 
the leakage current can be increased by the current path 
I which can cause, for example, increased standby cur- 
rent after bum-in of the integrated circuit. 

33 [0010] Furthermore, in cases where a channel region 
of the P-FET is adjacent to the silicon nitride liner 14 
where the electrons 30 are trapped, holes may be in- 
duced in the channel region of the P-FET thereby affect- 
ing the operation of the P-FET. Also, holes induced 

to when the P-FET is turned on may not be easily removed 
and, therefore, may remain after the P-FET is turned off. 
The length of the channel of the P-FET may, therefore, 
be reduced which may decrease the threshold and 
breakdown voltages associated with the P-FET. 

45 

SUMMARY OF THE INVENTION 

[001 1 J Embodiments according to the present Inven- 
tion may provide integrated circuits having Shallow 

so Trench Isolation (STI) structures. Pursuant to these em- 
bodiments, an integrated circuit substrate can include 
first and second adjacent p-type doped regions spaced- 
apart from one another in the integrated circuit sub- 
strate. A trench In the integrated circuit substrate is be- 

33 tween the first and second adjacent p-type doped re- 
gions. An insulator layer in the trench has a side wall, 
wherein the side wall is free of a layer thereon that- re- 
duces a stress between the integrated circuit substrate 
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and the insulator layer. 

[0012] In some embodiments according to the 
present invention, a dielectric material is in the trench 
directly on the side wall. In some embodiments accord- 
ing to the present Invention, the trench is a tirst trench 
and the side wall is a first side wall and the insulator 
layer is a lirst insulator layer. First and second adjacent 
n-type doped regions are spaced-apart from one anoth- 
er in the integrated circuit substrate. A second trench is 
in the integrated circuit substrate between the first and 
second adjacent n-type doped regions. A second insu- 
lator layer in the second trench has a second side wail. 
A liner layer on the second side wall can reduce a stress 
between the integrated circuit substrate and the second 
insulator layer. 

[0013] In some embodiments according to the 
present invention, the dielectric material Is a first dielec- 
tric material and a second dielectric material is in the 
second trench on the liner layer. In some embodiments 
according to the present invention, the side wall is free 
of silicon nitride. In some embodiments according to the 
present invention, the integrated circuit includes a core 
region, a peripheral region, and a cell region that Is 
spaced apart from the core and peripheral regions and 
has a greater density of integrated circuit devices there- 
in than the core and peripheral regions, wherein the first 
trench is In one of the peripheral and core regions. The 
second trench is in the cell region. 
[0014] In some embodiments according to the 
present invention, the integrated circuit includes a core 
region, a peripheral region, and a cell region that is 
spaced apart from the core and peripheral regions and 
has a greater density of integrated circuit devices there- 
in than the core and peripheral regions. The trench is 
between the core and peripheral regions and the cell 
region. 

[0015] In some embodiments according to the 
present invention, the integrated circuit includes a core 
region, a peripheral region, and a cell region that is 
spaced apart from the core and peripheral regions and 
has a greater density of integrated circuit devices there- 
in than the core and peripheral regions. The trench is in 
one of the core and peripheral regions. 
[0016] Pursuant to method embodiments according 
to the present invention, first and second adjacent p- 
type doped regions are formed spaced-apart from one 
another in an integrated circuit substrate. A trench is 
formed in the integrated circuit substrate between the 
first and second adjacent p-type doped regions. An in- 
sulator layer is formed in the trench having a side wall, 
wherein the side wall is free of a layer that reduces a 
stress between the integrated circuit substrate and the 
insulator layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

s FIG. 1 is a cross-sectional view of a semiconductor 
device having a conventional STI structure therein. 
FIG. 2A is a cross-sectional view illustrating an 
NMOS transistor adjacent to an n-type region hav- 
ing a conventional STI structure therebetween. 

10 FIG. 2B is a cross-sectional view illustrating a 
PMOS transistor adjacent to an p-type region hav- 
ing a conventional STI structure therebetween. 
FIGs. 3A through 3E are cross-section at views that 
illustrate integrated circuits and methods of forming 

is integrated circuits having an STI structure accord- 
ing to embodiments the present invention. 
FIGs. 4 through 6 are cross-sectional views that Il- 
lustrates integrated circuits and methods of forming 
integrated circuits having STI structures according 

so to embodiments of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
ACCORDING TO THE INVENTION 

25 [0016] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, In which embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as 

30 limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope 
of the invention to those skilled in the art. 
[001 9] In the drawings, the thickness of layers and re- 

33 gions are exaggerated for clarity. It will be understood 
that when an element such as a layer, region or sub- 
strate is referred to as being "on" another element, it can 
be directly on the other element or intervening elements 
may also be present. When an element is disclosed as 

40 being "directly on" another element, no Intervening ele- 
ments are present. Although embodiments according to 
the present invention are disclosed herein with refer- 
ence to semiconductor substrates, it will be understood 
that embodiments according to the present invention 

45 may utilize any type of integrated circuit substrate. Like 
numbers refer to like elements throughout. 
[0020] Referring to FIG. 3A, a pad oxide layer 102 and 
a silicon nitride layer 104 are formed on a semiconductor 
substrate 1 00. The semicon ductor substrate 1 00, which 

so can be a silicon substrate containing impurities, is de- 
fined as having a cell region in which memory devices 
can be formed and core and peripheral regions in which 
PMOS transistors can be formed. According to FIG. 3A, 
A1 denotes the cell region and A2 denotes the core and 

33 peripheral regions. 

[0021] In some embodiments according to the 
present invention, the pad oxide layer 102 is formed to 
a thickness in a range between about 70 and 160 Ang- 
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stroms and the silicon nitride layer 104 is formed in a 
range between about 1300 and 1600 Angstroms. The 
silicon nitride layer 104 and the pad oxide layer 102 are 
etched using known photolithography processes, to ex- 
pose a pre-isolation region of the semiconductor sub- s 
strate 100 thereby forming a blocking pattern. Herein, 
•pre-isolation region" means a region for defining the 
cell, core and peripheral regions and the Isolation struc- 
tures formed in respective regions. 

[0022] The first and second trenches 1 06a and 1 06b to 
are formed by etching the semiconductor substrate 1 00 
to a depth in a range between about 0.1 and 1 ,S\im and 
preferably to a depth in a range between about 0.24 and 
0.26pm using the blocking pattern as a mask. The first 
and second trenches 106a and 106b are used to form is 
Shallow Trench Isolation (ST)) structures. The first 
trench 106a can provide isolation between devices 
formed in the cell region A1 and the second trench 106b 
can provide Isolation between devices formed In the 
core and peripheral regions A2. 20 
[0023] The first trench 106a is formed in the cell region 
A1 which may be densely populated with devices. Ac- 
cordingly, the width of the first trench 106a may be less 
than the width of the second trench 1 06b that is formed 
in the core end peripheral regions A2. The first and sec- 25 
ond trenches 106a and 106b may be formed using dry 
etching In conjunction with a plasma. The dry etching 
may cause silicon lattice defects and damage to the sur- 
faces of the first and second trenches 106a and 106b. 
For example, dry etching may cause the formation of 30 
sharp comers at the bottom of the side walls In the first 
and second trenches 106a and 106b. 
[0024] According to FIG. 3B, a side wail oxide layer 
106 is formed in the first and second trenches 106a and ' 
106b by thermally oxidizing Ihe inner surfaces of the first 33 
and second trenches 106a and 106b. The side wall ox- 
ide layer 108 may address the silicon lattice defects and 
the damage to the first and second trenches 106a and 
106b. For example, the side wall oxide layer 108 may 
smooth the sharp comers at the bottom of the side walls *Q 
of the first and second trenches 1 06a and 1 06b. In some 
embodiments according to the present invention, the 
side wall oxide layer 108 is formed to a thickness in a 
range between about 20 and 240 Angstroms and more 
preferably in a range between about 20 and 50 Ang- 45 
stroms. 

[0025] A relief liner 1 1 0 is formed on the side wall ox- 
ide layer 108. The relief liner 110 may relieve a stress 
caused by a difference between the respective thermal 
expansion coefficients associated with the silicon sem- so 
iconductor substrate 100 and a dielectric in the trenches 
106a and 106b. The relief liner 1 1 0 may also reduce the 
penetration of defects into the first and second trenches 
106a and 106b. In some embodiments according to the 
present invention, the relief liner 110 is a silicon nitride 55 
layer or a silicon oxynttride layer either of which can be 
formed to a thickness in a range between about of 50 
and 100 Angstroms. 
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[0026] According to FIG. 3C, a photoresist pattern 
112 is formed on the cell region using a known photoli- 
thography process. The core and peripheral regions A2 
are exposed. The relief liner 110 on the core and periph- 
eral regions A2 is removed so that the side wall oxide 
layer 108 is free of the relief liner 110 thereon. In some 
embodiments according to the present invention, it is 
preferable that the relief liner 110 is etched using iso- 
tropic etching. In some embodiments according to the 
present invention, the isotropic etching is a wet etching 
using a phosphoric acid solution or a dry etching using 
an isotropic gas. • 

[0027] According to FIG. 3D, the photoresist pattern 
112 is removed by a known method. A dielectric layer 
114 is formed on the resultant semiconductor substrate 
100 to a thickness of more than about 6000 Angstroms 
to fill the first and second trenches 106a and 106b. In 
some embodiments according to the present invention, 
the dielectric layer 114 is a HDP dielectric layer having 
good filling properties. The dielectric layer 114 is densi- 
fled to reduce the upper part of the dielectric layer 114 
in the trenches 106a and 1 06b lost during a subsequent 
CMP process. In some embodiments according to the 
present invention, the densification process is per- 
formed at a temperature higher than about 900°C. 
[0028] According to FIG. 3E, a CMP process is per- 
formed on the dielectric layer 114, the relief liner 110, 
the silicon nitride layer 104, and the pad oxide layer 102 
until the surface of the semiconductor substrate 100 Is 
exposed, thereby providing the first and second STI 
structures 120a and 120b. 

[0029] According to the present embodiment, the re- 
lief liner 1 1 0 of the second ST) structure 1 20b in the core 
and peripheral regions A2 is removed. As a result, an 
amount of negative charges trapped at the inner edge 
of the second STI structure 120b can be reduced there- 
by reducing the positive charges induced at the outer 
edge of the second STI structure 120b. As a result, a 
leakage current path may not be generated between ad- 
jacent p-type doped regions 204 of adjacent PMOS tran- 
sistors. 

[0030] The region and size of the second STI struc- 
ture 120b in the core and peripheral regions A2 may be 
larger than the first STI layer 120a in the cell region. 
Consequently, less stress may be caused by a differ- 
ence In respective thermal expansion coefficients asso- 
ciated with the substrate and a silicon oxide layer in the 
trench even though a thermal process is performed. 
Therefore, although the second STI structure 120b is 
free of the relief liner 110, the stress on the second STI 
layer 120b may be reduced during the thermal process. 
[0031] In further embodiments according to the 
present invention, the second STI structure 120b is 
formed only between PMOS transistors In the core and 
peripheral regions. In addition, the first STI structure 
120a (having the relief liner 110 included) Is formed in 
the cell region as well as in a region for providing isola- 
tion in areas that are not between PMOS transistors in 



4 



EP1 213 757 A2 



the core and peripheral regions. 
[0032] In these further embodiments according to the 
present invention, the manufacturing method is sub- 
stantially the same as that disclosed above in reference 
to FIGs.3Ato4, except that the photoresist pattern 112 
for removing the relief liner 110 is formed to define 
trenches only between adjacent PMOS transistors. The 
other steps may be the same as those disclosed above. 
According to FIG. 5, reference numeral A3 denotes a 
region where circuits other than PMOS transistors are 
formed in the cell region, the core region and the periph- 
eral region. Reference numeral A4 denotes a region 
having PMOS transistors formed therein. 
[0033] In some embodiments according to the 
present invention, as illustrated in FIG. 6, the pad oxide 
layer 102 and the silicon nitride layer 104 are formed on 
the semiconductor substrate 100. An anti-reflection film 
250 is formed on the silicon nitride layer 104 to reduce 
reflection from the silicon nitride layer 104 during a sub- 
sequent photolithography process. In some embodi- 
ments according to the present invention, the antl-re- 
f lection film 250 is a silicon oxynitride (SiON) layer 
formed to a thickness in a range between about 600 and 
700 Angstroms. 

[0034] The antl- reflection film 250, the silicon nitride 
layer 104, and the pad oxide layer 102 are etched using 
a known photolithography process to expose a pre-lso- 
lation region of the semiconductor substrate 100. The 
semiconductor substrate 100 is etched to a depth in a 
range between about 0.1 to 1 .5u,m using the silicon ni- 
tride layer 104 as a mask, to thereby form the first and 
second trenches 106a and 106b. The first trench 106a 
is. formed in the cell region A1 or in the region A3 except 
for those portions within A3 that provide isolation be- 
tween PMOS transistors. The second trench 106b is 
formed in the core and peripheral regions A2 or the re- 
gion A4 for providing isolation between adjacent PMOS 
transistors in the core and the peripheral regions. Form- 
ing the anti-reflection film 250 on the silicon nitride layer 
104 may prevent a notching phenomenon in the photo- 
lithography process. 

[0035] As disclosed above, in embodiments accord- 
ing to the present invention, the STI structures that pro- 
vide isolation between the core and peripheral regions 
or between PMOS transistors in the core and peripheral 
regions, are formed free of the relief liner The amount 
of negative charges trapped or remaining at the inner 
boundary of the STI structure can be reduced which may 
reduce the amount of positive charges induced at the 
outer boundary of the STI layer. As a result a current 
path may not be created between the adjacent p-type 
doped regions of adjacent PMOS transistors and the 
threshold and breakdown voltages associated with the 
PMOS transistor can be protected. In contrast, STI 
structures formed in the cell region and between adja- 
cent n-type doped regions Include the relief layer. 
[0036] In the drawings and specification, there have 
been disclosed embodiments of the invention and, al- 
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though specific terms are employed, they are used in a 
generic and descriptive sense only and not for purposes 
of limitation, the scope of the invention being set forth 
in the following claims. 



Claims 

1 . An integrated circuit comprising: 

w 

an integrated circuit substrate; 
first and second adjacent p-type doped regions 
space d-apart from one another in the integrat- 
ed circuit substrate; 

a trench in the integrated circuit substrate be- 
tween the first and second adjacent p-type 
doped regions; and 

an insulator layer in the trench having a side 
wall, wherein the side wail is free of a layer the r- 
& eon that reduces a stress between the integrat- 

ed circuit substrate and the insulator layer. 

2. An integrated circuit according to Claim 1 further 
comprising: 

a dielectric material in the trench directly on the 
side wall. 



3. An integrated circuit according Claim 1 wherein the 
trench comprises a first trench and the side wall 
comprises a first side wall and the Insulator layer 
comprises a first insulator layer, the integrated cir- 
cuit further comprising: 

first and second adjacent n-type doped regions 
spaced-apart from one another in the integrat- 
ed circuit substrate; 

a second trench in the integrated circuit sub- 
strate between the first and second adjacent n- 
type doped regions; 

a second insulator layer in the second trench 
having a second side wall; and 
a liner layer on the second side wall that reduc- 
es a stress between the integrated circuit sub- 
strate and the second insulator layer. 

4. An integrated circuit according to Claim 3 wherein 
the dielectric material comprises a first dielectric 
material, the integrated circuit further comprising: 

a second dielectric material in the second 
trench on the liner layer. 

5. An Integrated circuit according to Claim 1 wherein 
the side wall is free of silicon nitride. 

6. An integrated circuit according to Claim 3 further 
comprising: 



35 
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a core region of the integrated circuit substrate; 
a peripheral region of the integrated circuit sub- 
strate; and 

a cell region of the integrated circuit substrate 
that is spaced apart from the core and periph- s 
eral regions and having a greater density of in- 
tegrated circuit devices therein than the core 
and peripheral regions, wherein the first trench 
is in one of the peripheral and core regions and 
wherein the second trench is in the cell region. 10 

7. An integrated circuit according to Claim 1 further 
comprising: 

a core region of the integrated circuit substrate; *5 
a peripheral region of the integrated circuit sub- 
strate; and 

a cell region of the integrated circuit substrate 
that is spaced apart from the core and periph- 
eral regions and having a greater density of in- 2° 
tegrated circuit devices therein than the core 
and peripheral regions, wherein the trench is 
between the core and peripheral regions and 
the ceil region. 

23 

8. An integrated circuit according to Claim 1 further 
comprising: 

a core region of the integrated circuit substrate; 
a peripheral region of the integrated circuit sub- 30 
strata; and 

a cell region of the integrated circuit substrate 
that is spaced apart from the core and periph- 
eral regions and having a greater density of in- 
tegrated circuit devices therein than the core 35 
and peripheral regions, wherein the trench is in 
one of the core and peripheral regions. 

9. An integrated circuit comprising: 

40 

an integrated circuit substrate; 
a core region of the integrated circuit substrate; 
a peripheral region of the integrated circuit sub- 
strate; 

a cell region of the integrated circuit substrate 
that is spaced apart from the core and periph- 
eral regions and having a greater density of in- 
tegrated circuit devices therein than the core 
and peripheral regions; 

a first trench in one of the peripheral and core so 
regions of integrated circuit substrate; 
a first insulator layer In the first trench having a 
first side wall, wherein the first side wall is free 
of a layer that reduces a stress between the in- 
tegrated circuit substrate and the first insulator ss 
layer; 

a second trench in cell region of the integrated 
circuit substrate; 
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a second insulator layer in the second trench 
haying a second side wall; and 
a liner layer on the second side wall that reduc- 
es a stress between the Integrated circuit sub- 
strate and the second insulator layer. 

10. An integrated circuit according to Claim 9 wherein 
the first trench is located between first and second 
adjacent p-type doped regions and wherein the sec- 
ond trench is located between first and second ad- 
jacent n-type doped regions. 

11. An integrated circuit according to Claim 9 further 
comprising: 

a first dielectric material in the first trench di- 
rectly on the first side wall; and 
a liner layer on the second side wall that reduc- 
es a stress between the Integrated circuit sub- 
strate and the second insulator layer; and 
a second dielectric material directly on the liner 
layer. 

12. A method of forming an integrated circuit compris- 
ing: 

forming first and second adjacent p-type doped 
regions spaced-apart from one another in an 
integrated circuit substrate: 
forming a trench in the integrated circuit sub- 
strate between the first and second adjacent p- 
type doped regions; and 
forming an insulator layer in the trench having 
a side wall, wherein the side wall is free of a 
layer that reduces a stress between the inte- 
grated circuit substrate and the insulator layer. 

13. An method according to Claim 12 further compris- 
ing: 

forming a dielectric material in the trench direct- 
ly on the side wall. 

14. A method according Claim 12 wherein the trench 
comprises a first trench and the side wall comprises 
a first side wall and the insulator layer comprises a 
first insulator layer, the method further comprising: 

forming first and second adjacent n-type doped 
regions spaced-apart from one another In the 
integrated circuit substrate; 
forming a second trench In the integrated circuit 
substrate between the first and second adja- 
cent n-type doped regions; 
forming a second insulator layer in the second 
trench having a second side wall; and 
forming a liner layer on the second side wall that 
reduces a stress between (he integrated circuit 
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substrate and the second insulator layer. 

15. A method of forming an integrated circuit compris- 
ing: 

5 

forming a first trench in one of a core region and 
a peripheral region of an integrated circuit sub- 
strate; 

forming a second trench in a cell region of the 22. 
integrated circuit that is adjacent to the core 10 
and peripheral regions, the second trench be- 
ing narrower than the first trench; 
forming an insulator layer in the first and sec- 
ond trenches; 

forming a liner layer on the insulator layer in the is 
first and second trenches; 
forming a mask on the second trench that ex- 
poses the first trench; and 
removing the liner layer from the first trench and 
avoiding removing the liner layer from the sec- 20 
ond trench to reduce a stress between the in- 
tegrated circuit substrate and the insulator lay- 
er in the second trench. 

16. A method according to Claim 15 wherein forming a 23 
first trench is preceded by: 

forming an anti-reflection layer on the integrat- 
ed circuit substrate. 

30 

17. A method according to Claim 15 wherein forming a 
first trench comprises forming a first trench in one 
of the peripheral and core regions between first and 
second adjacent p-type doped regions spaced- 
apart from one another in the integrated circuit sub- 35 
strate. 



18. A method according to Claim 17 wherein the mask 
exposes portions of the integrated circuit in which 
Positive Metal-Oxide-Semiconductor (PMOS) re- *o 
gions are formed. 

19. A method according to Claim 17 wherein forming 
the first trench comprises forming the first trench to 

a depth in a range between about 0.1 and 1.5um. « 

20. A method according to Claim 1 7 wherein forming a 
liner layer comprises forming one of a silicon nitride 
layer and a oxynitride layer having a thickness in a 
range between about 50 and 100A. so 



and peripheral regions of the semiconductor 
substrate Including a PMOS transistor; 
a side wall oxide layer on inner surfaces of the 
plurality of trenches; 

a relief liner on the side wall oxide layer of at 

least one trench in the ceil region; and 

a dielectric material in the plurality of trenches. 

A semiconductor device according to Claim 21 
wherein the side wail oxide layer has a thickness of 
about 20 to 240 A. 



23. A semiconductor device according to Claim 21 
wherein the relief liner comprises a silicon nitride 
layer or a silicon oxynitride layer. 

24. A semiconductor device according to Claim 21 
wherein the dielectric material comprises a high 
density plasma dielectric layer. 

25. A method of manufacturing a semiconductor device 
having an STI structure, comprising: 

providing a semiconductor substrate defined as 
a cell region in which memory devices are 
formed and core and peripheral regions in 
which a PMOS transistor Is formed; 
forming a blocking pattern on the semiconduc- 
tor substrate to expose a predetermined region 
for defining the cell, core and peripheral regions 
of the semiconductor substrate and providing 
isolation between devices in respective re- 
gions; 

forming a plurality of trenches by etching ex- 
posed regions of the semiconductor substrate 
to a predetermined depth using the blocking 
pattern as a mask; 

forming a side wall oxide layer on Inner surfac- 
es of the plurality of trenches; 
forming a plurality of relief liners In the plurality 
of trenches on the side wall oxide layers there- 
in; 

removing the relief liner from a selected one of 
the plurality of trenches between PMOS tran- 
sistors; 

depositing a dielectric material to completely fill 
the plurality of the trenches; and 
forming an STI layer by chemically and me- 
chanically polishing the dielectric material, the 
relief liner, and the blocking pattern. 



21. A semiconductor device having a shallow trench 
isolation (STI) structure, comprising: 

a semiconductor substrate having a plurality of 
trenches therein that provide isolation between 
a cell region of the semiconductor substrate 
thai includes memory devices therein and core 



26. A method according to Claim 25 wherein the side 
wall oxide layer is formed by thermally oxidizing the 
semiconductor substrate. 

27. A method according to Claim 25 wherein the relief 
liner comprises a silicon nitride layer or a silicon ox- 
ynitride layer 
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28. A method according to Claim 25 wherein the relief 
liner of the selected region is removed by an iso- 
tropic etching. 

29. A method according to Claim 25 wherein the select- * 
ed region includes a trench between PMOS transis- 
tors in the core and peripheral regions. 

30. A method according to of Claim 25 wherein the se- 
lected region includes the core and peripheral re- 10 
gions. 

31 . A method according to Claim 25 further comprising: 

densifying the dielectric material between de- is 
positing the dielectric material and chemically 
and mechanically polishing the dielectric mate- 
rial, the relief liner, and the blocking pattern. 

32. A method according to Claim 31 wherein the dieiec- 20 
trie materia) is densified by thermally treating the di- 
electric material at a temperature greater than . 
about 900°C. 

33. A method according to Claim 25 wherein forming « 
the blocking pattern comprises: 

lorming a pad oxide layer on the semiconductor 
substrate; 

forming a silicon nitride layer on the pad oxide 30 
layer; and 

patterning the silicon nitride layer and the pad 
oxide layer to expose the predetermined re- 
gion. 

35 

34. A method according to Claim 34 further comprising: 

forming an anti-reflection film on the silicon ni- 
tride layer between forming the silicon nitride 
layer and patterning to expose the predeter- *o 
mined region, wherein the anti-reflection film is 
patterned to expose the predetermined region 
in patterning to expose the predetermined re- 
gion. 

45 
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